Introduction
The congenital variations in the venous system are no exception in the gamut of anatomical malformations of various organs in the human body. The venous anomaly of a persistent left superior vena cava (PLSVC) is the most common congenital malformation of the thoracic venous system. It affects 0.3%-0.5% of the general population, and this incidence is up to 10% of those with congenital heart disease (CHD). [1, 2] "Isolated PLSVC" is an extremely rare venous anomaly. It occurs in 0.09%-0.13% of patients who have congenital heart defects with visceroatrial situs solitus. [3] It can be associated with situs inversus. Almost half of the patients with isolated PLSVC have cardiac anomalies in the form of atrial septal defect (ASD), endocardial cushion defects,consistent with severe aortic stenosis (AS). On auscultation, a mid-systolic ejection murmur was heard best over the "aortic area" with radiation into the right neck. Echocardiography revealed severe rheumatic AS and good biventricular function. Chest radiograph showed clear lung fields. The biochemical investigations were within normal limits.
The patient was premedicated the previous night, and anesthesia was induced with midazolam 0.1 mg/kg and fentanyl 10 µg/kg. The trachea was intubated with vecuronium bromide 0.1 mg/kg. After induction of general anesthesia, a central venous catheter (CVC) was inserted through right internal jugular vein (RIJV) under ultrasound guidance. Standard monitoring parameters were used along with transesophageal echocardiograph (TEE).
Intraoperative TEE findings were consistent with the preoperative echocardiography findings. However, bicaval TEE view showed neither the distal end of CVC nor the right superior vena cava (RSVC) [ Figure 1 ]. With curiosity as we searched for the left superior vena cava (LSVC) on TEE, we found a dilated coronary sinus (CS) [Video 1]. On agitated saline injection into the RIJV half of the patients with isolated PLSVC have cardiac anomalies in the form of ASDs, endocardial cushion defects, or TOF.
Developmental anomaly
During normal development of the RA, the sinoatrial (SA) chamber differentiates into the sinus venosus and the atrial chamber. The right and left anterior cardinal veins drain the cranial regions into the respective ducts of Cuvier, which in turn drain into the sinus venosus. The sinus venosus is eventually absorbed into the structure of the RA, with the bridging connection between the anterior cardinal veins forming the left innominate vein. The right cardinal vein and right duct of Cuvier form the SVC, whereas the left cardinal vein typically obliterates leaving the CS and the ligament of Marshall [ Figure 6 ]. Failure of the closure of the left anterior cardinal vein results in PLSVC. [5] In general, PLSVC is associated with RSVC and drains into the RA through a dilated CS. When developmental arrest occurs at an earlier stage, the CS is absent and the PLSVC drains into the LA. Either isolated or associated shows the echo contrast in the LSVC lying just lateral to the LA. During surgery, it was observed that the RSVC was absent [ Figure 3 ]. The LSVC joined by the right brachiocephalic vein was large and prominent [ Figure 4 ]. The aortic valve replacement was performed with a two-stage venous cannula through the RA for the venous drainage to the cardiopulmonary bypass reservoir. The bypass duration was 87 min, and aortic cross-clamp duration was 67 min. The postoperative course was uneventful. In the postoperative chest X-ray [ Figure 5 ], the course of CVC was from RIJV through the innominate vein to the LSVC.
Discussion
Isolated PLSVC is a very rare venous malformation. PLSVC affects 0.3%-0.5% of the general population and in up to 10% of those with CHD. Isolated "PLSVC" occurs in only 0.09%-0.13% of patients who have CHD. Almost with RSVC, this venous malformation itself causes no hemodynamic disturbance and is diagnosed incidentally. When the isolated LSVC is encountered, dextrocardia or complete situs inversus may be present.
Course of left superior vena cava
The LSVC usually descends vertically, anterior, and to the left of the aortic arch and main pulmonary artery [ Figure 7 ]. It runs adjacent to the LA before turning medially, piercing the pericardium to run in the posterior atrioventricular (AV) groove. [6] In about 90% of cases, it drains into the CS; alternative sites include the inferior vena cava, hepatic vein, and LA. The entry into LA is invariably associated with an ASD. [7, 8] 
Clinical implications
• Central venous catheterization may be difficult due to relatively tortuous course [ Figure 5 ]. Manipulation of guide wire (due to the proximity to CS) can cause hemodynamic instability, arrhythmias, perforation of heart, and tamponade [9] • Placement of pacemaker leads and pulmonary artery catheter can be arduous due to the same reason. [10] During leads placement for a permanent pacemaker in such cases, the left subclavian vein is the preferred route. There is an acute angle between the CS ostium and the tricuspid valve; therefore, the lead should be looped in the RA to enter the right ventricle [11] • Cardiac surgeries involving cannulation of SVC for cardiopulmonary bypass require isolated LSVC cannulation whenever it is detected. However, it does not allow the use of retrograde cardioplegia as it may be ineffective. It may be possible to clamp the PLSVC to prevent the cardioplegia solution from perfusing retrograde up the PLSVC and its branches with inadequate myocardial protection [12] • Arrhythmias and conduction abnormalities are common in the presence of PLSVC. This could be due to a dilated CS which stretches the AV nodal tissue and predisposes to reentrant tachycardia. The other reason could be due to the SA node dysfunction. The specialized pacemaker cells which eventually evolve to form the SA node originate in the sinus venosus. [13] Abnormal development of the right horn of the sinus venosus and right superior cardinal vein may jeopardize the normal development of the SA node and result in abnormal sinus node function [14] [15] [16] • Associated congenital cardiac anomalies should be searched for in patients with PLSVC. There is a high incidence of ventricular septal defect, ASD, endocardial cushion defect, CS ostial atresia, coarctation of aorta, cor triatriatum, and TOF in patients with isolated PLSVC. In patients with PLSVC Postema et al. found, confirmed syndromes were present in 42% of patients including VACTERL association (vertebral defects, anal atresia, cardiac malformations, tracheoesophageal fistula with esophageal atresia, radial and renal dysplasia, and limb anomalies), trisomy 21, 22q11, and CHARGE association (coloboma, heart defects, atresia of choanae, retardation, genital and ear anomalies) [4, 17] • Right to left (RL) shunt may occur when a PLSVC drains into the LA either directly or through an unroofed CS. This increases the risk of paradoxical embolism. Drugs administered intravenously (IV) bypass the right heart and reach the systemic circulation directly in the presence of isolated PLSVC. In 10% of patients, a PLSVC may drain into LA. [18] A large RL shunt requires surgical correction • ECG may show left axis deviation of the P wave with shortened PR interval. Chest X-ray may show a crescent-shaped shadow of the PLSVC at the aortic knuckle or left upper mediastinum. TEE shows a large CS (normal diameter of the CS <1 cm). [19] The mid-esophageal view on TEE shows the PLSVC near the LA appendage and left pulmonary vein. In the bicaval view, the absence of RSVC is evident • IV-agitated saline injection in the upper limb normally opacifies the RA. In isolated PLSVC, as in our case, the CS opacifies first before the RA • Cardiac surgeries involving opening of right heart chamber require draining of the isolated PLSVC by a separate venous cannula.
Isolated PLSVC is a very rare condition. It is usually asymptomatic and is an incidental finding on either imaging or during surgery. Its discovery, however, has important clinical implications. Clinicians in many fields should be well aware of its variations and management techniques to avoid complications. The presence of a dilated CS should always alert us to search for LSVC.
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